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(54) Bake-stable HgCdTe photodetector and method for fabricating same. 

(57) A photoresponsive device and a method of 
fabricating same, wherein the device includes 
semiconductor material, such as a cap region 
(14a), comprised of elements selected from 
Group IIB-VIA. A molybdenum contact pad (16) 
is formed upon a surface of the cap region, and 
a molybdenum ground contact pad is formed 
on a surface of a base region (12). A wide 
bandgap semiconductor passivation layer (20) 
overlies the surface of cap region and also 
partially overlies the molybdenum contact pad. 
A dielectric layer (22) overlies the passivation 
layer, and an indium bump (24) is formed upon 
the molybdenum contact pad. The indium bump 
extends upwardly from the molybdenum con- 
tact pad and through the dielectric layer. The 
dielectric layer is in intimate contact with side 
surfaces of the indium bump such that no 
portion of the molybdenum contact pad can be 
physically contacted from a top surface of the 
dielectric layer. The method eliminates the pos- 
sibility of unwanted chemical reactions occur- 
ring between the In and the underlying contact 
pad metal. The method also deposits the con- 
tact metal before the deposition of the passi- 
vation and before a high temperature anneal, 
with windows to the contact being opened after 
the anneal so as to reduce localized stresses at 
the edges of the windows. 



FIG. 2g. 



SUBSTRATE 




LU 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP 0 635 892 A1 



2 



FIELD OF THE INVENTION: 

This invention relates generally to radiation sen- 
sors and, in particular, to methods for fabricating in- 
frared radiation (IR) sensors comprised of semicon- 
ductor materials selected from Group I IB- VI A of the 
periodic table. 

BACKGROUND OF THE INVENTION: 

Known types of contact metals used for photovol- 
taic (PV) mercury-cadmium-telluride (HgCdTe) IR 
sensors include gold (Au) with a nickel (Ni) overcoat, 
for individual p-type contacts, and palladium (Pd) with 
a Ni overcoat for n-type ground (common) contacts. 
However, during high temperature storage both Au 
and Pd are known to diffuse into HgCdTe, causing a 
high density of dislocations, in the case of Pd, and 
shorting out the p-n junction, in the case of Au. Both 
of these unwanted diffusions result in degraded de- 
vice performance and poor high temperature (bake) 
stability. Furthermore, the use of Au/Ni contacts for 
the p-type material and Pd/Ni for the n-type material 
requires two separate Photolithographic and deposi- 
tion processes. Also, the Au/Ni and Pd/Ni metal sys- 
tems each have a coefficient of thermal expansion 
(CTE) that differs significantly from the CTE of 
HgcdTe. As a result, stress is applied to the HgCdTe 
during thermal cycling. 

It is also known to employ an annealed, wide 
bandgap semiconductor passivation layer comprised 
of, by example, cadmium-telluride (CdTe) with the 
aforementioned contact metals. In that an as-depos- 
ited CdTaf ilm contains residual crystal lattice stress, 
thermal annealing reduces the stress in the CdTe to 
approximately 10% of its as-deposited value. Anneal- 
ing of the CdTe passivation is conventionally per- 
formed prior to depositing the contact metal ization, 
and requires openings, or windows, to be etched 
through the passivation film before annealing. How- 
ever, etching openings in the passivation film results 
in undesirable stress concentrations at the edges of 
the openings, thereby degrading the underlying 
HgCdTe material. 

As a result, Dewar bake-out temperatures are 
typically limited to 100°C or less because of the in- 
stabilities in the surface passivation and/or the unde- 
sired diffusion of contact metal. 

Furthermore, in that Hg is known to diffuse 
through a CdTe passivation layer during high temper- 
ature storage, a desired stoichiometric ratio of Group 
IID-VIA material is not preserved within the radiation 
senior device, over a prolonged period of high temper- 
ature storage. 

A further problem that arises during the process- 
ing of conventional IR detector arrays relates to two 
unwanted chemical reactions that occur during an 
etch process that is used to remove oxide from indium 



(In) bumps, in preparation for hybridization of the ar- 
ray with other circuitry. By example, one suitable etch 
process is described in commonly assigned U.S. Pa- 
tent 4,865,245, issued to E.F. Schulte etal.. 

5 More specifically, it has been discovered that 

during the etch an electrochemical cell is formed be- 
tween the In bump and the contact metal upon which 
the bump is deposited. The etchant , for example HQ, 
acts as the electrolyte. The result is that the etch rate 

10 of the In is increased in proportion to (a) the surface 
area of exposed contact metal, and (b) the difference 
in electronegativity between the contact metal and 
the In. As a result, the amount of In removed during 
the etch may vary over the surface of an array. The 

15 greatest In removal has been found to occur around 
the periphery of the array, where large amounts of 
ground contact metal are typically exposed. The deg- 
radation of the In bumps is especially troublesome for 
those In bumps around the outer periphery of the ar- 

20 ray, as these bumps are most prone to failure after 
prolonged thermal cycling of the hybrid assembly. 

The second unwanted chemical reaction results 
in the formation of electrically conductive In-Te whisk- 
ers on the surface of the CdTe passivation layer. 

25 The following patents are cited as relating to 

Group IIB-VIA photodetector fabrication techniques. 

U.S. Patent No. 4,439,912 (Pollard et al.) teaches 
the use of a molybdenum (Mo) layer that is overcoat- 
ed with an Au/Ge layer to form connecting leads to a 

30 HgcdTe epitaxial detector array that is formed on a 
CdTe substrate. The leads are said to have excellent 
matches for the CTEs of HgcdTe and CdTe. Portions 
of the leads are masked prior to depositing a zns pas- 
sivation layer. JP 60-3165(A) (Takeda) discloses, in 

35 the Abstract, the deposition, after a heat treatment, 
of Mo electrode upon a (CdznTe) (InTe) photoconduc- 
tor layer. U.S Patent No. 4,766, 084 (Bory et al.) 
teaches the deposition and etching of Cr and Au to 
form conductive pads. Fig. 2 illustrates a HgcdTe di- 

40 ode having an insulating layer that may be Si0 2 and 
Si 3 N 4 , Si0 2 and ZnS, or CdTe and ZnS. In U.S. Patent 
No. 4,206,003 T. Koehler describes a HgCdTe diode 
having a ZnS encapsulation layer that overlies an 
anodic oxide passivation layer. U.S. Patent No. 

45 4,132,999 (Maille' et al.) describes a PV detector hav- 
ing a HgCdTe substrate, a CdTe transition layer, and 
a masking layer comprised of ZnS, Si0 2 , SiO, or 
Si 3 N 4 . After a heat treatment a window is opened to 
enable a doping impurity to be diffused into the 

50 HgCdTe. A protective layer of CdTe is then deposited 
over the masking layer and the window, Hg is dif- 
fused in through the window, an aperture is opened 
through the protective layer, and Cr or Au contacts are 
formed. U.S. Patent No. 3,988,774 (Cohen-Solal et 

55 al.) describes a body of HgCdTe having an intermedi- 
ate layer of HgcdTe or CdTe deposited thereon. Fol- 
lowing a heat treatment windows are opened, do- 
pants are diffused into the HgCdTe body, and Cr and 
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Au contacts are formed. In U.S. Patent No. 3,845,494 
J. Ameurlaine et al. describe a HgCd-CdTe PV detec- 
tor having Au electrodes formed on opposite faces. 
After forming the electrodes a Hg-impervious layer of 
Zns is applied. In CB-21 00927 A. Dean et al. describe 
a CdHgTe photodiode having a CdTe passivating lay- 
er. After a heat treatment, an Au electrode is formed 
through apertures in the CdTe. 

What is not taught by these various U.S. and for- 
eign Patents, and what is thus one object of this in- 
vention to provide, is a radiation sensor fabrication 
method, and a radiation sensor formed thereby, that 
deposits contact metal before the depositian of a wide 
bandgap semiconductor passivation layer or film, 
with windows to the contact metal being opened in 
the film after a thermal annealing step so as to sig- 
nificantly minimize localized stresses at the edges of 
the windows. 

A further object of this invention is to provide a 
fabrication process that employs a contact metal se- 
lected to have a CTE that more closely equals that of 
HgcdTe, and to apply the selected contact metal prior 
to the deposition of a semiconductor passivation layer 
and a subsequent thermal anneal. 

A still further obj ect of this invention is to provide 
a fabrication process that significantly reduces or 
eliminates the possibility or unwanted chemical reac- 
tions degrading In bump interconnects during a hy- 
bridization process, thereby increasing the reliability 
of a resulting radiation detector hybrid assembly. 

SUMMARY OF THE INVENTION 

The foregoing and other problems are overcome 
and the objects of the invention are realized by a 
HgCdTe IR detector fabrication process that com- 
bines passivation and contact metal ization to both the 
p and n sides of a photodiode junction, with the con- 
tact metal being applied before the passivation film 
and before a high temperature anneal. The method 
also includes the fabrication of a layer of dielectric 
overglass to eliminate the occurrence of undesirable 
chemical reactions during a hybridization process, 
and to also prevent Hg from diffusing through the 
passivation during high temperature storage. 

Applying a non-reactive, non-diffusing contact 
metal before annealing at high temperatures provides 
several advantages. Firsts it ensures that the inter- 
face between the metal and the semiconductor does 
not change during subsequent processing and use, 
thus guaranteeing a reliable contact system. For ex- 
ample, degradation caused by the diffusion of con- 
tact metal into the device during Dewar bake-out cy- 
clesis eliminated, second, stress in the as-deposited 
metal film is relieved by the anneal cycle, thus im- 
proving adhesion and overall device reliability. Third, 
the use of a refractory metal system that is compat- 
ible with high temperature annealing simplifies other 



device fabrication processes. For example, by apply- 
ing the contact metal first, the entire PV HgCdTe array 
is overcoated with a wide bandgap semiconductor 
material, and is then annealed. 

5 In addition to creating a device which is bake- 

stable to temperatures in excess of 150°C, the meth- 
od of the invention also minimizes the effect of stress 
in the wide bandgap semiconductor film. This is ac- 
complished by not forming openings, or windows, in 

10 the passivation film until after an anneal cycle, there- 
by reducing localized stress in the underlying HgcdTe 
material. The contact metal also beneficially serves 
as an etch stop for a chemical etch process that forms 
the openings, or windows, through the wide bandgap 

15 semiconductor material to the underlying contacts. 

The method of the invention also provides that 
only the In bumps, and not the underlying contact 
metal, are exposed during a wet chemical etch that is 
performed, prior to hybridization, to remove oxides 

20 from the In bumps. The use of a dielectric layer (over- 
glass) surrounding the In bumps eliminates the chem- 
ical and electrochemical reactions that occur during 
the etching process. 

More specifically, the invention teaches a photo- 

25 responsive device and an array of photoresponsive 
devices, either photovoltaic or photoconductive, and 
method of fabricating same. The device includes 
semiconductor material, such as a cap region, that is 
comprised of elements selected from Group lll-VIA. 

30 A non-diffusing, non-reactive metal contact pad is 
formed upon a surface of the cap region. A presently 
preferred material for the contact pad is molybdenum. 
A wide bandgap semiconductor passivation layer 
overlies the surface of the cap region and also par- 

35 tially overlies the Contact pad. Adielectric layer over- 
lies the passivation layer, and an indium bump is 
formed upon the contact pad. The indium bump ex- 
tends upwardly from the contact pad and through the 
dielectric layer. The dielectric layer is in intimate con- 

40 tact with side surfaces of the indium bump such that 
no portion of the contact pad can be physically con- 
tacted from a top surface of the dielectric layer. 

The method thus eliminates a possibility of un- 
wanted chemical reactions occurring between the In 

45 and the underlying contact pad metal during a hybrid- 
izatton process. The method also deposits the con- 
tact pad metal before the deposition of the semicon- 
ductor passivation material and before a high temper- 
ature anneal, with windows to the contact pad being 

so opened after the anneal so as to reduce localized 
stresses at the edges of the windows. 

BRIEF DESCRIPTION OF THE DRAWING 

55 The above set forth and other features of the in- 

vention are made more apparent in the ensuing De- 
tailed Description of the Invention when read in con- 
junction with the attached Drawing, wherein: 
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Fig. 1 is a process flow diagram depicting the 
steps of the method of the invention; and 
Figs. 2a-2g are each a cross-sectional view, not 
to scale, showing the fabrication of a photodiode 
array in accordance with the method of the inven- 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

Although described below in the context of a fab- 
rication process for PV detectors having a mesa ge- 
ometry, it should be realized that the teaching of the 
invention is applicable also to planar arrays of PV de- 
tectors, and also to the fabrication of photoconductive 
(PC) IR detectors comprised of Group IIB-VIA semi- 
conductor material. 

Reference is made to the process flow diagram 
of Fig. 1, in conjunction with the various cross- 
sectional views of Figs. 2a-2g. In Figs. 2a-2g a portion 
of an array, specifically two mesa structures, is 
shown. It should be realized that a typical array of ra- 
diation detectors would comprise a significantly larg- 
er number of mesa structures arranged in a linear or 
a two-dimensional array. 

(Fig. 1 Block A) Processing begins with an n-type 
radiation absorbing HgcdTe base layer 12 that is 
grown on an electrically insulating and transparent 
substrate 1 0. Substrate 1 0 is selected to be transpar- 
ent at wavelengths of interest, specifically those wa- 
velengths that are desired to be absorbed within the 
base layer 12. A preferred method for growing the 
base layer 12 on the substrate 10 is by Liquid Phase 
Epitaxy (LPE), although Molecular Beam Epitaxy 
(MBE) and Metal-Organic Chemical Vapor Deposition 
(MOCVD) are also suitable growth techniques. Asu it- 
able material for the substrate 10 is CdZnTe. The 
bandgap of the HgCdTe semiconductor material of 
the base layer 12 is selected for absorbing radiation 
having the wavelengths of interest and is set, in a 
known fashion, by varying the relative concentrations 
of the Hg and Cd atoms in accordance with the formu- 
la: Hg (1 . x) Cd (x) Te, wherein (x) is a nonzero number 
that is less than one. Upon the base layer 12 is then 
epitaxially grown a p-type HgCdTe cap layer 14. The 
cap layer 14 may be grown, by example, by LPE, 
MBE, or by MOCVD. A suitable dopant species for the 
base layer 12 is indium having a concentration of ap- 
proximately 10 15 atoms/cm 3 . A suitable dopant spe- 
cies for the cap layer 14 is arsenic having a concen- 
tration of approximately 10 18 atoms/cm 3 . Individual 
Photodiodes are delineated by mesa etch process, 
using bromine/ethyleneglycol or bromine/methanol, 
in conjunction with a photolithographically applied 
mask. The result of the mesa etch is to differentiate 
the p-type cap layer into a plurality of electrically iso- 
lated regions 14a, each of the regions 14a being con- 
tained within a mesa and forming a p-n junction with 
the underlying n-type base layer 12. 



(Fig. 1 - Block B, Fig. 2b) A next step of the meth- 
od applies, to each of the cap layers 14a, a metal con- 
tact pad 16. A common contact pad 18 is also applied 
to the n-type HgCdTe base layer 12. In accordance 

5 with an aspect of the invention, the metal contact pad 
is comprised of a refractory metal selected to have a 
low diffusion characteristic, at elevated tempera- 
tures, so as to prevent the diffusion of the contact 
metal into the underlying HgcdTe cap layer 14a. A pre- 

10 sently preferred metal is Mo. A further advantage of 
Mo is that it exhibits a CTE that is more closely match- 
ed to the HgcdTe than is the CTE of many commonly 
used contact metals, such as Cr and Au. As a result, 
when the structure is heated the Mo contacts tend not 

15 to exert undesirable stresses on the underlying sem- 
iconductor material. A presently preferred technique 
deposits the Mo contact metalization by sputter de- 
position and a lift-off process. A suitable thickness for 
the contact pads 16 and 18 is approximately 1500 

20 Angstroms. 

(Fig. 1 - Block C, Fig. 2c) A next step overcoats 
the structure formed thus far with a layer 20 of wide 
bandgap Group IIB-VIA semiconductor material. This 
wide bandgap semiconductor material may be, by ex- 

25 ample, CdTe, CdZnTe, or CdSeTe. A presently prefer- 
red technique is to blanket deposit CdTe to a depth of 
approximately 4000 Angstroms by a thermal evapor- 
ation process. Other suitable deposition techniques 
include MBE, MOCVD, and sputtering. As can be 

30 seen in Fig. 2c, the effect of this step is to cover the 
exposed surface of the n-type base layer 12, the ex- 
posed surfaces of the p-type cap layers 14a, and also 
the Mo contacts 16 and 18, with a layerorfilm of the 
wide bandgap semiconductor material. 

35 (Fig. 1 - Block D, Fig. 2d) A next step anneals the 

structure formed thus far in Hg vapor at a first tem- 
perature for a first period of time and then at a sec- 
ond, lower temperature for a second period of time. 
In general, both the first and the second temperatures 

40 are greater than a temperature used during a subse- 
quent Dewar bake-out process. That is, both the first 
and the second temperatures are greater than ap- 
proximately 150°C. One result of the anneal is to in- 
terchange Hg and Cd at cation sites along an inter- 

45 face between the layer: 12 and 14a and the layer 20. 
This interface region is shown in Fig. 2d in a cross- 
hatched manner. 

(Fig. 1 - Block E, Fig. 2e) After annealing the 
structure, windows 20a are opened through the layer 

so 20 to expose the Mo contacts 16 and 18. One suitable 
technique for opening the windows 20a is to employ 
photoresist patterning in conjunction with a wet 
chemical etch. Two suitable wet etchants are Br/ethy- 
leneglycol and Br/methanol . The windows 20a may 

55 also be opened by ion beam milling or by a reactive 
ion etch process. The Mo contacts 16 and 18 benefi- 
cially function as etch stops for the etching process. 
The photoresist mask is stripped after opening the 
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windows 20a. 

(Fig. 1 - Block F, Fig. 2f) The structure is next 
overcoated with a dielectric layer 22 comprised of, by 
example, Si 3 N 4 , Si0 2 , or SiO. A suitable method for 
depositing the dielectric layer 22 is by a plasma proc- 
ess that deposits the layer to a thickness of approxi- 
mately 1000 Angstroms. Next, a photoresist pattern- 
ing step provides an apertured mask, and windows 
22a are opened through the dielectric layer 22 to ex- 
pose the Mo contacts 16 and 18 . One suitable tech- 
nique for opening the windows 22a is to employ pho- 
toresist patterning with a wet chemical etch. CF 4 is 
one suitable wet etchant. The photoresist mask is 
stripped after opening the windows 22a. 

(Fig. 1 - Block G, Fig. 2g) The structure is photo- 
lithographically patterned to provide an indium bump 
mask, and indium bumps 24 are applied to contact in- 
dividual ones of the photodiode Mo contact pads 16, 
and to the common Mo contact pad(s) 1 8, through the 
windows 22a. One suitable method forms the indium 
bumps 24 to a thickness of approximately 12 microns 
through the use of a thermal evaporation technique. 
As can be seen in Fig. 2g, a result of this step only the 
In bumps 24 are left exposed, with the underlying Mo 
contact metal ization being buried beneath the dielec- 
tric layer 22. The dielectric layer 22, or overglass, is 
also substantially impervious to the passage of Hg, 
and thus beneficially prevents the out-diffusion of Hg 
from the base layer 12 and the regions 14a. 

(Fig. 1 - Block H) At some subsequent time the ar- 
ray of PV diodes thus formed is mated to, or hybri- 
dized with, a readout circuit through the In bumps 24. 
Prior to joining the array to the readout circuit the In 
bumps 24 are chemically wet etched to remove any 
surface oxides that would adversely affect the con- 
tact resistance. An etching procedure such as that de- 
scribed in the aforementioned commonly assigned 
U.S. Patent No. 4,865,245, issued to E.F. Schulte et 
al., may be employed. 

In accordance with an aspect of the invention 
only the In bumps 24 are exposed to the etchant, the 
underlying contact metal ization being buried beneath 
the dielectric layer 22. As a result, the aforementioned 
problems resulting from the proximity of two dissim- 
ilar metals are overcome, the In bumps 24 are uni- 
formly etched over the surface of the array, and In-Te 
whiskers are not produced. The use of the method of 
the invention thus improves the yield of I R detector ar- 
rays by improving the In bump 24 quality during the 
hybridization process, and also improves reliability by 
ensuring that the size and shape of the In bumps 24 
is maintained at their design dimensions. 

In accordance with another aspect of the inven- 
tion, the anneal in Fig. 2d is performed with a CdTe 
layer 20 that is substantially continuous across the 
entire surface of the array. This overcomes the above 
noted problem that results from annealing with an 
etched CdTe film. That is, localized stresses in the un- 



derlying HgCdTe material, associated with openings 
in the CdTe film, are not generated. 

It has been found that arrays of PV diodes fabri- 
cated in accordance with the invention exhibit stable 

5 performance after a 74 hour vacuum bake (Dewar 
bake-outs) at 145°C. Heretofore, bake temperatures 
have been limited to 100°C or less because of the 
above mentioned instabilities in the surface passiva- 
tion and/or the diffusion of the contact metal into the 

10 HgcdTe. Also, in that both the passivation layer 20 
and the Mo contact metal were previously annealed 
at a substantially higher temperature, neither is ex- 
pected to change significantly at storage or process- 
ing temperatures that are less than the anneal tem- 

15 perature. 

It should be realized that although the invention 
has been described in the context of specific materi- 
als, specific dimension, and specific processing 
parameters, such as etchants and deposition techni- 

20 ques, a number of modifications to these various ma- 
terials, dimensions, and processing parameters may 
be made, while still obtaining the same result. Fur- 
thermore, the teaching of the invention is also appli- 
cable to n-on-p devices and also to photoconductive, 

25 as opposed to photovoltaic, devices. The teaching of 
the invention is also applicable to photoresponsive 
devices having a planar configuration, wherein a p- 
n junction is formed within a body of HgCdTe through 
a diffusion or implantation of an acceptor or a donor 

30 species into the body. 

Thus, while the invention has been particularly 
shown and described with respect to a preferred em- 
bodiment thereof, it will be understood by those skil- 
led in the art that changes in form and details may be 

35 made therein without departing from the scope and 
spirit of the invention. 

Claims 

40 

1. A Photoresponsive device, comprising: 

a semiconductor body comprised of ele- 
ments selected from Group IIB-VIA; 

an electrically conductive contact pad 
45 formed upon a surface of said semiconductor 

body; and 

a passivation layer overlying said surface 
of said semiconductor body, said passivation lay- 
er also partially overlying said contact pad, the 
so passivation layer including elements selected 

from Group IIB-VIA and having a wider bandgap 
than a bandgap of said semiconductor body. 

2. A photoresponsive device as set forth in Claim 1 
55 and further including a dielectric layer overlying 

said passivation layer; and an indium bump dis- 
posed upon said contact pad, said indium bump 
extending upwardly from said contact pad and 
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through said dielectric layer, wherein said dielec- 
tric layer is in intimate contact with side surface 
of said indium bump such that no portion of said 
contact pad may be physically contacted from a 
top surface of said dielectric layer. 

3. A method for fabricating a photovoltaic diode, 
comprising the steps of: 

providing a p-n junction between a base 
layer, comprised of Group 1 1 B-VI A semiconductor 
material having a first type of electrical conduc- 
tivity, and a cap region comprised of Group IIB- 
VIA semiconductor material having a second type 
of electrical conductivity; 

forming a metal contact electrode upon 
the cap region; 

coating the base layer, the cap region, and 
the metal contact electrode to form a coated 
structure, the step of coating including a step of 
depositing a first coating layer comprised of a 
semiconductor material having a bandgap select- 
ed to be wider than a bandgap of the semiconduc- 
tor material of either the base layer or the cap re- 
gion; 

thermally annealing the coated structure; 

opening a first window through the first 
coating layer for exposing, within the first win- 
dow, a surface of the metal contact electrode, 
and 

forming an electrically conductive inter- 
aonnection to the metal contact pad for contact- 
ing an external circuit. 

4. A method as set forth in Claim 3 wherein the step 
of forming an electrically conductive interconnec- 
tion includes the steps of: 

coating exposed surfaces of the first coat- 
ing layer, the first window, and the metal contact 
electrode with a second coating layer comprised 
of a dielectric material; 

opening a second window through the sec- 
ond coating layer in registration with the first win- 
dow for exposing, within the second window, the 
surface of the metal contact electrode; and 

forming the electrically conductive inter- 
connection within the second window and on the 
exposed surface of the metal contact electrode 
such that only portion of the electrically conduc- 
tive interconnection is exposed, and no portion of 
the underlying metal contact electrode is ex- 
posed. 

5. A method as set forth in Claim 3 wherein the step 
of providing a p-n function includes the steps of: 

providing the base layer comprised of 
Group 1 1 B-VIA semiconductor material having the 
first type of electrical canductivity, the base layer 
having an overlying cap layer of Group IIB-VIA 



semiconductor material having the second type 
of electrical conductivity; and 

differentiating the cap layer into a plurality 
of electrically isolated regions for forming a plur- 
5 ality of mesa structures, each of the mesa struc- 

tures including an interface between the base 
layer and one of the electrically isolated regions 
for forming the p-n junction. 

10 6. A method as set forth in Claim 3 wherein the step 
of forming a metal contact electrode upon the cap 
region forms the metal contact electrode with a 
metal selected to have a coefficient of thermal 
expansion that is similar to that of the cap region, 

15 the metal also being selected to have a low dif- 

fusivity into the cap region. 

7. A method as set forth in Claim 3 wherein the step 
of coating the base layer, the cap region, and the 
20 metal contact electrode includes a step of depos- 

iting a layer of semiconductor material selected 
from the group consisting essentially of CdTe, 
CdSeTe, and CdZnTe. 

25 8. A method as set forth in Claim 3 wherein the step 
of thermally annealing the coated structure oc- 
curs in a mercury vapor, and includes the steps 
of: 

providing a first temperature for a first per- 
30 iod of time; and 

providing a second, lower temperature for 
a second period of time. 

9. A photodiode, comprising: 

35 a substrate; 

a semiconductor base region overlying the sub- 
strate and comprising elements selected from 
Group IID-VIA, said base region having a first 
type of electrical conductivity; 

40 a semiconductor cap region disposed upon said 

base region, said cap region being comprised of 
elements selected from Group IID-VIA, said cap 
region having second type of electrical conduc- 
tivity and forming a p-n junction with said base re- 

45 gions; 

an electrically conductive metal contact pad 
formed upon a top surface of said cap region; 
a semiconductor layer overlying said base re- 
gion, said cap region, and also partially overlying 

50 said met al contact pad, the semiconductor layer 

comprising elements selected from Group IIB- 
VIA, said semiconductor layer having a wider 
bandgap than a bandgap of said base region and 
said cap region; 

55 a dielectric layer overlying said semiconductor 

layer; and 

an electrically conductive interconnect formed 
upon said metal contact pad, said interconnect 
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extending upwardly from said metal contact pad 
and through said dielectric layer. 

10. A photodiode as set forth in Claim 9 wherein said 
dielectric layer is in intimate contact with side sur- 5 
faces of said interconnect such that no portion of 
said metal contact pad may be physically contact- 
ed from a top surface of said dielectric layer. 

11. A photodiode as set forth in Claim 9 wherein said 10 
substrate is comprised of elements selected from 
Group IIB-VIA. 

12. A photodiode as set forth in Claim 9 and further 
comprising: 15 

a second electrically conductive metal 
contact pad formed upon a top surface of said 
base region; and 

a second electrically conductive intercon- 
nect formed upon said second metal contact pad, 20 
said second interconnect extending upwardly 
from said second metal contact pad and through 
said dielectric layer, wherein said dielectric layer 
is in intimate contact with side surfaces of said 
second interconnect such that no portion of said 25 
second metal contact pad is accessible from the 
top surface of said dielectric layer. 

13. A Photodiode as set forth in Claim 9 wherein said 
base region is comprised of n-type HgCdTe, and 30 
wherein said cap region is comprised of p-type 
HgCdTe. 

14. A photodiode as set forth in Claim 9 wherein said 
semiconductor layer is comprised of material se- 35 
lected from the group consisting essentially of 
CdTe, CdSeTe, and CdZnTe. 

15. A photodiode as set forth in Claim 9 wherein said 
dielectric layer is comprised of material selected 40 
from the group consisting essentially of Si0 2 , 
SiO, and Si 3 N 4 . 
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